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FOREWORD

This study was conducted under Project No. 7184, "Human
Performance in Advanced Systems,” Task No. 718408,
"Anthropology for Design." Special acknowledgements of
appreciation are due to TSgt R.G. Ford, AIC B.R. Wirt and

A2C R.R. Buckley of the Physiological Training Section, USAF
Hospital, Wright-Patterson Air Force Base, for their invaluable
help in controlling suit inflations and subject reactions while
the subjects were tested in pressurized A/P-22S-2 pressure-
ensembles. Thanks are also due to Mr. James Kramer and

Mr. Reymond Middleton of Personal Equipment Branch,
Directorate of Crew Subsystems Engineering, Research Tech-
nology Division, for their help in obtaining the pressure-suit
ensembles used in these tests, and to the subjects for their
willingness and cooperative attitudes in compieting the tests.
The author is grateful to Dr. Melvin J. Warrick, Assistant
Chief of the Human Engineering Division, and to Mr. Charles
E. Clauser, Assistant Chief of the Anthropology Branch, for
critical comments and many helpful suggestions that materially
improved the report; and to Mr. H.T.E. Hertzberg, Chief of the
Anthropology Branch, for his support of the program, and for the
critical review and sustained assistance in the writing of the
report.
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ABSTRACT

This study attempts to establish an objective baseline for
evaluating the functioral mobility of pressure gloves, The
Purdue Pegboard Dexterity Test was employed to measure

hand de:terity under three conditions: (1) subjects
barehande+, but wearing ar unpres.urized A/P-228~2 full=-
pressure suit ensemble: (2) subjects gloved (HAK-3/P-228-2)
and suited. but not pressurized; (3) subjects gloved, suited,
and pressurized to 2.5 psi. The Purdue Pegboard Dexterity
Test has been found ‘o ka a delicate indicator of hand dexterity
in the tast conditions. The test results show o ravked reduc-
tior. in dexterity even with the gloves and suit uvirinflated, and
an additional loe¢s when gloves and suit ware (nflated. The Cegree
of loss of dexterity is believed to provide an objective measure
whereby one operatioi:al aspect of pressure gloves may bse
evaluated.
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- FINGER DEXTERITY OF THE PRESSURE-SUITED SUBJECT

Distar E. Walk

INTRODUCTION

The emphasis on handling materials and tools in space, both inside and outside the
capsule, has heen increasing almest day by day. Hence, it appeared appropriate to
take a closer 100k at one of the factors which will play a major role in any marual
task performed in space, ie, the loss of finger dexterity due to the wearing of
pressure gloves. Hitherto, there has been no critically objective method of evaluating
performance, dexterity, or mobility oi gloves directly. The lack of emphasis on this
type of evaluation may be explained by the expectation, in many cases, that only
oross hand functicns arz 1o be accomplished in space, and by unwarranted assump-
tions that there will be little or no effect on performance caused by the wearing of
gloves. For example, Hertzberg {ref 8) has shown that the grip strength of a gloved
hand is considerabiy less than that of a bare hand; and Bradley (refs 2, 3) has
demonstrated the effect of gloves on hand tactility and performance under various
conditions. 1 believe that the increasing sophistication of techniques and hardware
irems to be utilized in space forces a reavaluaticn of existing methods of assessing
pressure-glove mobiiity and dexterity, so that future needs may be met.

The best possible condition of dexterity for any person is that of the bare hand. A
glove has no "performance" in itself; therefore, any glove evaluaiion must be
related finally to barehanded teste. If a bagseline valua of barehanded dexterity for
each subject can be established by repeated tests, then the perficormance dediement
due to gloves can be cansidered to be an impedance caused by new conditions.

The primary purpose of this study, then, is to assess the Purdue Pegboard method as
an objective means of evaluating pressure glove mobility, dexterity, and tactility.
An additional purpose nas been to measure hand dexterity of subjects under three
conditions: barehanded; gloved, urinfiated; and glovad, inflated.

L-_i_“



".“:".:-l"‘" L

AMRL-TDR-64-41
MATERIALS

In these experiments, the HAK-3/P-225-2 full-pressure glove was selected because
cf its wide acceptance in the Air Force as a part of the operational A/P-22S-2 full-
pressure ensemble.

The Purdue Pegboard manjpulative dexterity test has been chosen from a variety of
such iests (refs 5,9,11,12) because the tasks to be accomplished appear to be the
most delicate of those surveyed. In other words, the Purdue Peghoard test is probably
the most demanding of the tests, and hence constitutes one extreme limit of the tasks
capable of being performed in space.* Furthermore, since this test has been performed
on thousands of subjects, well-validated profiles of the population are available.

The A/P-22S-2 full-pressure suit en

the manner prescribed by the Opera 1 n
Clarke Company. The sizes of these ite
table 1.

& Wa i is ac
nd Service Manual ssued by the David
ms

TABLE 1

SIZES OF HAK-3/P-22S-2 GLOVES AND A/P-22S-2 SUITS*

Gloves
Sizes A B C D EF G HTITJ KL
No. of Subjects 2 3 3 2 4 3
Suits
Sizes SR SL. MR ML LR LL XLR XLL
No. of Subjects i 4 2 4 1 5

*Reaferancas 1 and 4

No vencilating garment was needed in these tests because the subjects were kept
comfortably cooled by the air that was fed into the suits through their standard
ventilating systems. All tests were conducted at ordinary room temperature.

*As this report was being prepared for publication, Pierce's paper (ref 10) appeared
in March 1964. Although prepared completely independently, the two ruports
substantiate each other.
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THE SAMPLE

Seventeen college men were chosen as a convenient sample to serve as subjects for
this test. All were normal, healthy maies. None had had experience in wearing

pressure suits.

The subjects were measured tfor the following dimensions:

Stature

. Welight*

. dand Length

. Hand Circumference at Metacarpale

S W B e

They ranged in Stature from 160.5 cm (63.2 inches), the 1st percentile (ref7), to
183.3 cm (72.2 inches), the 90th percentile; in Weight from 60.6 kg (133.5 lbs), the
5th percentile,to 100 kg (220 1bs), the 99th percentile; in Hand Length from 179 mm
(7.0 inches), the 10th percentile, to 207 mm (9.4 inches), the 99th percentile; and
in Hand Circumference from 121 mm {7.5 inches) to 230 mm (3.0 inches).* Thus, in
these dimensions, they appeared to be a reasonably representative sample of the

Air Force population. The first two dimensions were necessary for the proper fitting
of the pressure suits, and the last two for the pressure gloves.

EST CONDITIONS AND METHODS
The three test conditions are as follows:

1. The barehanded subject wore an uninflated A/P-22S-2 pressure suit, with
the visor up. See figure 1.

Each subject was dressed in the full-pressure ensembie, and individual suit
adjustments were made to insure proper fit. During this period each subject was
given an oral orientation describing the working principie of the suit, and the
subject moved about so as to become familiar with body mobility within the suit.
Following this familiarization period, the subject was seated at the test table, the
instructions as prescribed by the pegboard test manual were given him, and trials
were performed according to condition 1.

*Hand Circuniference at Metacarpale was not included in the 1950 Survey, hence no
percentile designations are available for this dimension.

[ A
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Next, pressure gloves were fitted to the subject and were secured to the suit to
fulfill condition 2., For each test the monitor (a) pushed the glove fingers

onto the subject's fingers to ensure that the subject's fingertips fitted snugly into
the glove fingertips, and (b) tightened the adjustable strap buckles on the backs of
the gloves to assure retention of maximum snugness. Wearing the complete pressure
ensemble, but with the suit unpressurized and the visor up, the subject again
performed the standard battery of tests.

For tests to meet condition 3, the subject's visor was closed and the suit

was pressurized to 2.5 psi. No further adjustments were made to the pressure gloves
during this test condition. Though the A/P-22S-2 full-pressure suit is operationally
a 3.5 psi suit, the pressurized trials were conducted at 2,5 psi for two reasons:

(a) the majcr portion of the ballooning or "growth" of the suit and its components
has already occurred, and (b) additional pressure results in increased stiffening of
the suit cloth, which inhibits movement of the shoulder and elbow and reduces arm
moebility, thereby affecting performance. For these pressurized trials the test
instructions were followed exactly, except that the peghoard was turned 180° so
that mobility restrictions of the pressurized suit would not influence test resuits
(see figures 1, 2, and 3). This 180° rotation brought the board cups close tc the
subject so that he needed to move 2nly his wrist and fingers, not his entire arm,
thereby eliminating a possible variable.

All subjects were tested in the same room, on the same furniture, and were given
the same instructions by the same monitors. The only variables for each subject
were the test conditions.

RESULTS AND DISCUSSION

Table 2 presents the detailed scores achieved by each of the 17 subjects in each
task and condition. Inspection shows that the scores of the three repetitions of
each task have low variabilities and that ihe trend to reduced dexterity is the same
throughout.

This trend is more concisely shown by table 3, which summarizes the data of table 2.

By expressing the barehanded data as 100% of the combined subjects' original
capability, we esteblish a constant base of comparison, despite the variability in
individual performance. Thus converted, the data show the values in table 4.

Because of the direction and magnitude of the decrement in test scores of the gloved
hand, and the further decrement of the pressurized hand, it appears reasonable to
consider this test to be a fairly delicate measure of the manipulative capability of
the pressure-gloved hand. Of course, every effort was made to provide perfect fit
for each subject in the suit and in the gloves, and these were generally excellent.
Nevertheless, the 2.5 psi pressurization magnified any slight mis-match between
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TABLE 2

DEXTERITY TEST: RAW SCORES

RIGHT HAND LEFT HAND BOTH HANDS ASSEMBLY®

SBJIECT CONDITIONS MILS: 1 2 3 1 2 3 1 2 3 1 2 3
1 Barehanded 15 W 16 n u u u un 3B OO M
Gloved, no pressure [ 9 9 8 9 10 5 4 ? ! 15 18

Gloved, 2.5 pei A 4 & 2 3 5 3 4 2 9 9 6

H Barehanded W 15 u 15 16 17 13 1) 12 0 ¥ &
Gloved, no pressure 10 10 10 9 10 13 8 7 6 12 1% 2

Gloved, 2.5 pei 5 5 7 7 T "1 2 3 3 6 7 b ]

) Barehanded W 15 15 U 16 15 4 13 216 A A6 48
Qloved, no pressure 7 8 10 5 8 8 5 5 4 12 12 15

QGloved, 2.5 pai 5 5 2 4 3 ] o 2 2 6 5 6

4 Barshanded 19 15 18 17 17 16 13 13 15 48 45 A7
Gloved, no presaurs 1 8 10 10 110 8 8 7 7 17 17 19

Gloved, 2.5 pet 4 5 3 3 A4 3 2 1 m 8 1

H Barehended 15 16 15 18 17 19 2 U 1 M 23 %
Gloved, no pressure 2 13 1 2 1 12 9 1 1 18 20 15

Qloved, 2.5 pel 8 8 6 7T 7 5 & 3 A 2 7 16

6 Barehandad 1?7 16 19 17 16 15 13 13 1 38 A4 47
Gloved, no presaure 8 7 1 8 9 10 4 5 7 13 17

Gloved, 2.5 pel 3 6 5 3 6 3 1 3 3 ¢ 6 ¢

k Barehanded 16 16 18 u 17 u L u 15 U M M
Gloved, no pressure 13 13 1 10 12 13 10 9 9 16 18 22

Gloved, 2.5 pei 8 7 5 7 6 A & & 10 &4 7

8 Barehanded 17 18 19 15 17 18 W u 13 ¥ O L
Gloved, nv pressure 12 W 15 13 & 13 8 T 10 2 20 22

Cloved, 2.5 psi 6 5 ? 5 5 6 4 1 3 8 13 u

9 Burehanded 13 20 20 16 17 19 13 15 16 6 48 5]
Gloved, no pressure 15 15 16 A 13 W 10 10 9 a1 A 2

Qloved, 2.5 pei 10 8 8 9 6 8 6 & 5 2 U 1

10 Barehanded 15 16 16 U 16 17 n % 1 38 33 4O
Glowed, no pressure 12 13 13 W 1) 12 ? 8 9 17 18 18

Gloved, 2.5 pei s 8 7 8 6 6 3 2 3 6 10 10

1 Barebanded 15 16 17 15 15 16 13 12 13 31 4 45
Gloved, no pressure 2 13 1 2 1 w 8 8 8 17 24 27

Gloved, 2.5 pei 7T 7 &8 6 17T &8 3 5 5 10 10 12

2 Barehanded 15 17 19 16 18 17 U 15 16 40 43 46
Gloved, no 12 12 1 1 12 1 8 9 8 6 17 22

Qloved, 2.5 red 6 5 6 7 9 9 4 3 5 6 10 U

3 Barehanded 6 15 17 17 19 18 u 16 i 31 40 42
’ Gloved, B0 pressure 4 8 7 9 7 " 3 4 4 12 4 1
Gloved, 2.5 pei 3 d & 4 4 4 o 3 1 2 6 5

U Barehanded 16 15 18 16 16 16 15 U 216 46 51 %6
Gloved, 20 pressure 8§ 10 1 7 10 8 7T 6 8 2Q 22 23

Gloved, 2.5 pei 7T 7 1 7 8 7 k I 2 4 3 6

15 Sarehended 17 11 18 1% 17 17 L 14 15 45 49 52
Qloved, a0 pressure 10 11 12 8 8 12 T T & 2 Aa 19

Qloved, 2.5 pei 4 6 7 g 7 8 ] 3 3 10 1 15

16 Barehanded 16 U 17 16 18 18 L W 4% A5 45 56
Qleved, 20 pressure 10 9 10 11 9 1 7T 7 8 2 25

Qloved, 2.5 psi 6 8 7 T 4 & 2 2 4 10 9 i

17 Bavehanded 17 21 8 8 8 219 un 15 17 4 53 &9
Qlovad, mo pressure 9 9 1 6 8 5 & 4 5 16 U 110

Gloved, 2.5 psi & S5 4 P 2 2 1 12 1 6 4 5

® Termimology ia this report follows that of the Aurdus Faghoard iactructions (ref 13),
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TABLE 3

DEXTERITY TEST SUMMARY: MEANS OF 17 SUBJECTS

Conditions Right Hand Left Hand Both Hands Assembly

Barehanded 49.5 49.0 41.0 128.7

Gloved, no pressure 32.2 30.6 21.3 55.3

Gloved, 2.5 psi 17.5 16.9 8.7 25.8
TABLE 4

DEXTERITY TEST SUMMARY IN PERCENT (N = 17)

Conditions Right Hand Left Hand Both Hands Assembly
Barehanded 100% 100% 100% 100%
Gloved, no pressure 65% 63% 52% 43%
Gloved, 2.5 psi 35% 35% 21% 20%

the subject's body size and suit size, and between his hand size and glove size,
because the regulting sxpansion in either case tended to force the fingertips of the
glove away from the fingertips of the subject. Another factor was the stiffening of
the pressure suit, and especially the glove fingers under pressure, increasing the
muscular effort necessary to perform the tasks. Both factors combined to reduce
the subject's dexterity.
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CONCLUSIONS

1. The Purdue Pegboard Test is considered to be a fairly delicate test of the
hand dexterity of a subject wearing the HAK-3/P-22S-2 pressure gloves.

2. A pressure-suitad subject wearing those gloves unpressurized must expect
a decrement to about 65%, or less, of his ungloved dexterity in such tasks.

3. The subject pressurized to 2.5 psi in the specified equipment must expect
a further decrement to about 35%, or less, of his ungloved dexterity in such tasks.
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